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© Transmission system minimizing interference in digital transmission. 



© A method and apparatus for transmitting a digital 
television signal which provides audio, video and 
data packets alternating with training signals. In or- 
der to minimize interference to other systems which 
could occur due to the periodicity of the training 
signal, randomly selected training signals are in- 
verted prior to combining them with the data pack- 
ets. 
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Figure 4 is a block diagram of the transmitter of 
the aforementioned patent invention which can 
be modified in accordance with the instant in- 
vention; and 

Figure 5 is a block diagram of the training signal 5 
inverter. 

Figure 1 describes a data stream in the form of 
data packets 15 (e.g. audio and video information 
packets) periodically interspersed with training se- 
quences 10. Since the aforementioned patent ap- io 
plication fully discusses the uses and implementa- 
tion of training sequences in data streams, this 
information will not be discussed in great detail 
herein. 

It is to be understood that each data packet 15 75 
can comprise either audio or video information, or 
a combination of both, but is not limited to this type 
of data. As discussed in the aforementioned patent 
application, is also to be noted that digital data 
carrying information with different degrees of prior- 20 
ity (i.e. need for robustness) can be contained in 
respective data packets 15, each with a rate se- 
quence defining its respective signal constellation 
appended thereto. 

A sequence as defined herein denotes a se- 25 
quence of bits which can represent one or more 
pieces of data and/or a digital code word. 

The previously mentioned patent application 
describes preferred training signals which exhibit a 
constant amplitude and zero aforementioned. 30 
These training signals are known in the art as 
CAZAC sequences. 

As described in said patent application, peri- 
odic CAZAC training sequences in a one-way data 
transmission system can be used with alternation 35 
sequences for synchronization and packet detec- 
tion. Although not shown in the figures, it is to be 
understood that a "training sequence" 10 can be 
either a training sequence alone, or a training se- 
quence preceded by an alternation sequence. 40 

The training sequence 10 is disposed within 
the data stream periodically to ensure that receiv- 
ers can always receive a training sequence within a 
short time after being powered up, or upon switch- 
ing channels. As shown, each training sequence 10 45 
is identical in phase to the adjacent training signals. 
This periodicity in the placement of training signals 
can create RF interference which can disturb other 
systems, for example television programming on 
adjacent co-channel "taboo" channels. These so 
channels will be used for providing conventional 
television when digital HDTV broadcasting, using 
such training signals, is implemented. Such period- 
icity can be minimized, or avoided altogether, how- 
ever by changing the phase of alternating ones of 55 
said training signals 10 in accordance with the 
instant invention. 



Figure 2 shows a block diagram of a preferred 
embodiment of the invention which can be used in 
conjunction with the transmitter which is part of the 
aforementioned patent invention and which is 
shown in Fig.4. 

I & Q symbol rate multiplexer 56, as is more 
fully described in the aforementioned patent ap- 
plication, formats the data stream described in Fig- 
ure 1 by time multiplexing training sequences (for 
example training sequences provided by "short" 
training sequence generator 52), and data packets 
15 (for example from symbol to I and Q converter 
46), under the control of system timing and control 
means 64. The training sequence provided by 
training sequence buffer 25 is fed to training se- 
quence inverter 20. As described in more detail 
below in conjunction with Fig. 5, training sequence 
inverter 20 acts to aperiodically (e.g. randomly) 
invert selected ones of said training sequences in 
order to avoid the periodicity which results in the 
undesired interference. The inversion of a se- 
quence, in terms of complex representation, repre- 
sents a 180 degree rotation which will not effect the 
operation of the training sequence in their use with 
known algorithms for equalizer training. The train- 
ing sequence processed in accordance with the 
invention is then fed to I & Q symbol rate mul- 
tiplexer 56. 

Fig. 3 describes the data stream of Fig. 1 after 
it emerges from training sequence inverter 20. 
Three training sequences are shown and one of 
them, 10*, is shown inverted with respect to the 
training sequences 10, thus interrupting the period- 
icity which otherwise would exist. 

Fig. 5 is a block diagram of training sequence 
inverter 20. The training sequence from training 
sequence buffer 25 is provided at training se- 
quence input 29 and provided to one input of 
switch 35. The training sequence is also provided 
to inverter 30 which in turn provides an inverted 
training sequence to a second input of switch 35. 
The switch 35 can select as the output to I & Q 
symbol rate multiplexer 56, either the training sig- 
nal from input 29 or its inverted version provided 
by inverter 30. The selection of the switch output is 
under the control of a pseudorandom generator 40, 
which will output, for example, either a "1" or a "0" 
on a pseudo random basis, which will control the 
selection of switch output where a "1" will cause 
the switch to couple the first input (training se- 
quence) to the switch output, and a "0" will cause 
the switch to couple the second input (inverted 
training sequence) to the switch output. 

The activation of pseudo random generator 20 
is under the control of system timing and control 
circuit 64 which provides the necessary timing to 
provide for the necessary switching to occur be- 
tween training sequences (e.g. during data pack- 
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ets). The system and timing control circuit 64 
discussed in more detail in the aforementioned 
patent application, can be easily designed by one 
skilled in the art of digital logic design. 

The foregoing disclosure and description of the 
invention is illustrative and explanatory thereof and 
various changes in the details of the embodiments 
shown may be made within the scope of the ap- 
pended claims without departing from the spirit of 
the invention. 

Claims 

1. Transmission system for transmitting a time 
multiplexed digital signal comprising data por- 
tions and training signal portions comprising a 
transmitter coupled via a transmission channel 
to a receiver, said transmitter comprising 
means for forming a plurality of data portions 
from a source of information, means for for- 
ming a plurality of training signal portions by 
inversion of selected training signals from a 
source of training signals, and means for time 
multiplexing said data portions and said train- 
ing signal portions so as to form said time 
multiplexed digita! signal. 

2. Transmission system according to claim 1 
characterised in that the inversion means are 
arranged for randomly selecting the traininq 
signal portions to be inverted. 

I. Transmission system according to claim 1 or 

2, characterised in that the transmitter com- 
prises a modulator for quadrature amplitude 
modulating said data and training signal por- 
tions on a carrier. 

■ Transmission system according to claim 1 2 or 

3, characterised in that said information 'is a 
video signal. 



10 



15 



20 



25 



30 



35 



40 



Transmission system according to claim 4 
characterised in that said data portions also 
compnse an audio siqnal 

' 45 

Transmitter comprising means for forming a 
plurality of data portions from a source of 
information, means for forming a. plurality of 
training signal portions by inversion of selected 
training signals from a source of training sig- 
nals, and means for time multiplexing said data 
port.ons and said training signal portions so as 
to form said time multiplexed digital signal. 

Transmitter according to claim 6, characterised 
m that the inversion means are arranged for 
randomly selecting the training signal portions 
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to be inverted. 

8- Transmitter according to claim 6 or 7, charac- 
terised in that the transmitter comprises a 
modulator for quadrature amplitude modulating 
said data and training signal portions on a 
carrier. 

9- Method for transmitting a time multiplexed 
digital signal comprising data portions and 
training signal portions, said method compris- 
ing forming a plurality of data portions from a 
source of information, forming a plurality of 
training signal portions by inverting selected 
training signals from a source of training sig- 
nals, and time multiplexing said data portions 
and said training signal portions so as to form 
said time multiplexed digital signal. 

10. Method according to claim 9, characterised in 
that the training signal portions to be inverted 
are randomly selected- 
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@> A method and apparatus for transmitting a digital 
television signal which provides audio, video and 
data packets alternating with training signals. In or- 
der to minimize interference to other systems which 
could occur due to the periodicity of the training 
signal, randomly selected training signals are in- 
verted prior to combining them with the data pack- 
ets. 



56 



I&Q SYMBOL 
RATE MUX 



20 



25 



i — h 




J — 


TRAINING 
SEQUENCE 
INVERTER 




TRAINING 
SEQUENCE 
SUFFER 



FIG.2 



BNSDOCID: <EP 0649257A3J_ 



Rank Xerox (UK) Business Services 

(3. 10/3.09/3.3.4) 



V 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 94 20 2879 



Category 



Citation of docv, m e„, ^ indicationi whcrc w 
of relevant passages HF p ' 



page 10, line 11 - li ne 16 * 
Page 14, line 9 - line 22 * 
figures 1,2,6 * 

PATENT ABSTRACTS OF JAPAN 

j°!o I 6 ," 0 ' 254 (E-1213) ,9 June 1992 

comp P a~Sy°l 4 td 0 ) 4735 (0KI ElicTRIC Atrial 

* abstract * 

IBM JOURNAL OF RESEARCH AND DEVELOPMENT 
vol ii , no. 5, September 1983 NEW YORK 

pages 426-431, 

MILEWSKI 'Periodic Sequences with Optimal 

fo, :. Cha " n ^ Estimation a?d Fast 
start-Up Equalization' 

* page 426, right column, paragraph 2 - 
paragraph 3 * v "»yr«»pn <■ 

* page 429, left column, paraqra D h 6 - 
page 430, left column, paragraph X 



Relevant 
to claim 



1-4,6-10 



OSSIFICATION OF THE 
APPLICATION (Int.CI.6) 



H04N7/24 



1,6,9 



1,6,9 



ET AL) 18 March 



1986~ 4 577 334 (B ° ER J * N 

column 1, line 26 - li ne 37 * 
column 3, line 39 - line 62 * 
figure 2 * 

ALM6 jtV 7 9%2 :RAYC ^ lDHURI DIPANKAR 
column 4, line 3 - line 12 * 
figure 11 * 

-/-- 



ET 



1,3,6,8, 
9 



3-5,8 



TECHNICAL FIELDS 
SEARCHED (lnt.O.6) 



H04N 



™ C PrCSCnt x * rch has been drawn up for all claims 



Place of sttrzb 

THE HAGUE 



2 
S 

jo 

2 
<x 

O 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

* ffu'SSt JfA WaM if Mmbin «* mother 
document of the same category 

; •«hnoJo R ical background 

O : non -written disclosure 

I* : intermediate document 



Date of csipJettoR 9 f (te 

3 July 1995 



Examiaer 

Dippel, U 



I i °\ P " n< ? pl * under, yin8 the invention 

' SSV*^ 1 d ? a,inent ' but P«Wished on, or 
after the filing date 

D : document cited in the application 
I. : document cited for other reasons 



BNSDOCID: <EP 0649257A3_!_> 



Ku rape an Talent 
Office 



EUROPEAN SEARCH REPORT 



Appliotion Number 

EP 94 20 2879 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages' 



US-A-4 320 517 (GODARD DOMINIQUE N ET AL) 
16 March 1982 

* column l t line 18 - column 2, line 43 * 

* column 8, line 66 - column 9, line 15 * 

* figure 2 * 



Relevant 
to ctaim 



CLASSIFICATION OFTlfK 
APPUCA HON (lnt.CI.6) 



TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 



The present search report has been drawn up for all claims 



Place of wjrek 


Date of cosset 


torn of the search 


Examiner 


THE HAGUE 


3 July 


1995 


Dippel, U 



CA TKGORY OF CITKI) HOOJMKNTS 

X : particularly relevant if taken alone 

V : particularly relevant if combined with another 

document of the same category 
A : technological background 
O : n on -writ ten disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
K : earlier patent document, but published on, or 

after the filing date 
n : document cited in the application 
I. : document cited for other reasons 

& : member of the same patent family, corresponding 
document 



BNSDOC1D: <EP 0649257A3_I_> 



F 

V 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 



Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 



□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



BEST AVAILABLE IMAGES 




ADED TEXT OR DRAWING 



